There is a close association between the location of angiotensin (Ang) receptors and many important brain nuclei involved in the regulation of the cardiovascular system. The present review encompasses the physiological role of Ang II in the brainstem, particularly in relation to its influence on baroreflex control of the heart and kidney. Activation of AT 1 receptors in the brainstem by fourth ventricle (4V) administration to conscious rabbits or local administration of Ang II into the rostral ventrolateral medulla (RVLM) of anesthetized rabbits acutely increases renal sympathetic nerve activity (RSNA) and RSNA baroreflex responses. Administration of the Ang antagonist Sarile into the RVLM of anesthetized rabbits blocked the effects of Ang II on the RSNA baroreflex, indicating that the RVLM is the major site of sympathoexcitatory action of Ang II given into the cerebrospinal fluid surrounding the brainstem. However, in conscious animals, blockade of endogenous Ang receptors in the brainstem by the 4V AT 1 receptor antagonist losartan resulted in sympathoexcitation, suggesting an overall greater activity of endogenous Ang II within the sympathoinhibitory pathways. However, the RSNA response to airjet stress in conscious rabbits was markedly attenuated. While we found no effect of acute central Ang on heart rate baroreflexes, chronic 4V infusion inhibited the baroreflex and chronic losartan increased baroreflex gain. Thus, brainstem Ang II acutely alters sympathetic responses to specific afferent inputs thus forming part of a potentially important mechanism for the integration of autonomic response patterns. The sympathoexcitatory AT 1 receptors appear to be activated during stress, surgery and anesthesia.
Introduction
It is now becoming well recognized that angiotensin (Ang) not only plays a key role in the regulation of the cardiovascular system within the kidney and vasculature, but also in the central nervous system (1, 2) . There is a very close association between the location of Ang II receptors and many important brain nuclei involved in cardiovascular regulation (3, 4) . Much interest has been focused on the actions of Ang in the forebrain circumventricular regions such as the subfornical organ and organum vasculosum laminae terminalis which regulate thirst, body fluid and blood pressure (1, 5) , as well as in the area postrema (6) . These regions do not have a blood-brain barrier and can respond to circulating levels of Ang II, thus providing an important link from the kidney to the brain.
More recently, brainstem vasomotor nuclei such as the nucleus tractus solitarius (NTS), rostral ventrolateral medulla (RVLM) and caudal ventrolateral medulla (CVLM), which all contain high concentrations of Ang type 1 (AT 1 ) receptors, also drew attention as possibly important sites of action of Ang (7, 8) . While these regions are key integrative centers for central cardiovascular control, they possess a blood-brain barrier which normally prevents any direct contact from circulating Ang. Presumably, Ang receptors in these nuclei are activated by an endogenous Ang system involving either Ang II or Ang III as neurotransmitters or neuromodulators (1) .
These nuclei form the fundamental neuronal substrate of the arterial baroreflex with excitatory projections from second-order neurons in the NTS to neurons in the CVLM, and inhibitory projections from the CVLM to the sympathoexcitatory neurons in the RVLM. The pattern of AT 1 receptor distribution thus suggests that Ang may act at these nuclei exerting both excitatory and inhibitory influence on baroreflex control of cardiovascular function. However, it would be an oversimplification to suggest that Ang exerts mostly an excitatory action in the RVLM and an inhibitory action in the CVLM because of increasing evidence that its actions in the same nuclei may critically depend on the endogenous activity of the Ang system.
The present brief review discusses the role of Ang II in the hindbrain, particularly in relation to its influence on baroreflex control of the heart and kidney. In this review we will not consider the role of Ang in the area postrema on the arterial baroreflex, since it has recently been discussed in detail elsewhere (6) .
Cardiovascular effects of intraventricular Ang
Stimulation of central Ang II receptors has been shown to increase arterial pressure in various species (1) . A common approach used to investigate the cardiovascular role of the central Ang system has been to administer Ang peptides into the cerebral ventricles. Bickerton and Buckley (9) demonstrated in the early 1960s that Ang II given into the lateral ventricle could elicit a centrally mediated pressor response in the dog. Studies by Severs and colleagues (10) showed a pressor response from perfusion of the lateral ventricle of anesthetized cats with Ang II. Preventing the perfusate from leaving the lateral and third ventricles blocked the response, suggesting a site of action at or below the midbrain level. Hoffman and Phillips (11) examined the effects of intraventricular administration of Ang II to conscious rats and found marked pressor and dipsogenic responses via the lateral ventricle as well as the anterior and posterior third ventricle. In this species, however, the site of action involved the anterior ventral third ventricle which correlates well with the location of the receptors and is relatively close to the injection site. In conscious rabbits, however, lateral or third ventricle injections of Ang II had little effect on blood pressure with doses as large as 1000 pmol (Figure 1 ) (12) . The rabbit also does not respond to chronic infusions of Ang into the lateral ventricle (13) nor does acute injection of Ang produce dipsogenic responses (14) as it does in the rat.
Unlike the forebrain, the role of an Ang system in the brainstem has received relatively little attention until recently. Early studies showed that injecting Ang II into the fourth ventricle (4V) of rats produced no change in blood pressure, suggesting that this region was not a major site of action for Ang (11) despite high concentrations of Ang receptors in hindbrain areas such as the NTS and area postrema. By contrast, we found that conscious rabbits are most sensitive to Ang II given into the 4V (15, 16) . Bolus injections of Ang II produced dose-dependent increases in blood pressure with doses about 400 times lower than those given intravenously ( Figure 1 ). The onset of the response was relatively quick, within 1 min, and generally lasted only 5 min, depending on the dose (12) . The receptors were AT 1 since the pressor response to Ang II administered into the 4V of conscious rabbits was completely blocked by low doses of the nonpeptide selective antagonist losartan but not affected by the AT 2 antagonist PD123319 (17) .
The importance of the sympathetic nervous system in mediating central cardiovascular effects of Ang has been recognized since the mid 1960s in all species studied although relatively few studies have measured nerve activity directly (18) . A number of studies suggest that in the rat there is an important contribution to the pressor response by release of vasopressin (19) . However, direct recordings of renal sympathetic nerve activity (RSNA) do show a significant increase in RSNA concomitant with the pressor response following Ang II injected into the third ventricle in rats (20) . Tobey and colleagues (21) observed a marked increase in splanchnic nerve activity but no effect on RSNA following intraventricular administration of Ang II using anesthetized, sinoaortic denervated and vagotomized cats, suggesting there may be differential effects on sympathetic activity depending on the vascular bed.
In contrast to the rat, the pressor response observed with 4V Ang II given to conscious rabbits is predominantly due to sympathetic vasoconstriction since it is blocked by intravenous prazosin (16) . The vasoconstriction occurred in both the mesenteric and renal vascular beds but was accompanied by dilatation of the hindlimb vascular bed and a fall in heart rate which opposed the vasoconstriction and reduced the observed pressor response. However, the hindlimb dilatation changed to vasoconstriction in rabbits after sinoaortic denervation, suggesting that it was mainly due to a baroreflex response to the rise in blood pressure (12) . 
Effects of baroreceptor denervation on the action of central Ang
The profound increase in the sensitivity to central Ang II after sinoaortic denervation has been observed in rats with lateral ventricle administration (22) . The increase was 300 times greater than would be expected from loss of peripheral baroreflex function and was due to similar increases in sympathetic outflow and vasopressin-mediated vasoconstriction. In the conscious rabbit, chronic sinoaortic denervation augmented the sensitivity to Ang II given into the 4V by 900-fold. This effect was not observed in animals with depletion of spinal noradrenergic pathways, indicating that sensitization of the brainstem noradrenergic neurons to Ang may play a key role in this phenomenon (16) . This also suggests that pressor responses to central Ang II are normally suppressed by profound baroreflex inhibition. Furthermore, the Ang receptors that have been stimulated by 4V administration may be of greater physiological importance when the baroreflex is not functioning effectively as is the case in hypertension and heart failure (23, 24) .
Effects of fourth ventricle Ang II on cardiac and sympathetic baroreflexes
While much has been written about the Infusion of Ang II (2.5-25 pmol/min) into the third (28) or fourth (25) ventricle acutely reset baroreflex control of heart rate to a higher pressure but did not affect the sensitivity or range of this reflex in conscious rabbits. Importantly, in both studies intravenous infusion of the same dose of Ang II had no effect on the baroreflex. More recently, we also found similar effects of infusion of a low dose of Ang II into the lateral recess of the 4V on cardiac baroreflex in rabbits (Figure 3 ) (27) . It is interesting to note that the resetting appears to be complete. However, since this occurs within 20 min, this is highly unlikely from what is known about the time course of baroreceptor resetting (29) . One possible explanation for the lack of acute bradycardia may be the fact that Ang II is also exciting cardiac sympathetic pathways in the brainstem. The advantage of such a combination of actions is that Ang can modulate the level of blood pressure rapidly while maintaining the very shortterm regulation of heart rate within the high gain area of the reflex curve.
Studies concerning the cardiovascular role of central Ang II have predominantly effect of circulating Ang on cardiac and sympathetic baroreflexes, very few studies have examined the effect of intraventricular Ang on baroreflexes. In conscious rabbits Dorward and Rudd (25) found that 4V Ang II produced a marked increase in RSNA when the baroreceptors were unloaded with decreasing blood pressure. Thus, the upper plateau of the RSNA baroreflex curve was doubled and the curve shifted to the right due to the increase in blood pressure. We observed a similar pattern of effect of 4V Ang II on the RSNA baroreflex in urethane-anesthetized rabbits ( Figure 2 ) (26) . Recently, we also infused Ang II into the lateral recess of the 4V in conscious rabbits (27) . Although in our study Ang infusion evoked pressor responses similar to those observed by Dorward and Rudd (25) , the magnitude of the RSNA increase after the baroreceptor unloading was lower ( Figure 2 ). This difference may indicate that access to the dorsal medulla and area postrema, which were much closer to the infusion site in the former study, may be critical in the excitatory action of intraventricular Ang II on the RSNA baroreflex in conscious rabbits. involved acute administration of agonists and antagonists. However, perhaps even more important for the cardiovascular system is the impact of chronic activation or inhibition of central Ang II receptors. It has been known since the earlier 1980s that central infusion of Ang produces hypertension and central inhibition of the renin-angiotensin system attenuates hypertension (30) . Despite many such subsequent studies, relatively few have examined cardiovascular reflex mechanisms.
We recently examined the effect of chronic activation of central Ang II receptors on cardiac baroreflex function in conscious normotensive rabbits. Animals received a 4V infusion by osmotic minipump of Ang II for 2 weeks. Assessment of the heart rate baroreflex was performed by a single slow ramp rise and fall in blood pressure by intravenous infusion of phenylephrine and by caval balloon inflation, respectively. Ang II (100 ng/ h) decreased cardiac baroreflex gain by -20% after 1 week and by -37% after 2 weeks ( Figure 3 ) (31) . The intriguing feature of this study was that the effect of Ang II took the full 2 weeks to develop. Within a week of stopping the infusion, cardiac baroreflex gain had returned to control levels ( Figure 3) . Ringers solution or lower doses of Ang II did not modify the cardiac baroreflex function. Blood pressure and heart rate were not altered by any treatment nor was their variability affected as assessed by power spectral analysis (31) .
Effects of endogenous Ang in the hindbrain on baroreflexes
There has been a great deal of interest in the cardiovascular role of the endogenous Ang system within the brain. The most effective method to determine the tonic activity of an endogenous Ang system has been to apply a specific receptor antagonist of converting enzyme inhibitor. Dorward and Rudd (25) examined the renal sympathetic and heart rate baroreflex effects of the specific, but non-subtype selective Ang II antagonist [Sar 1 ,Ile 8 ]-Ang II (Sarile) into the 4V of conscious rabbits. The antagonist had no effect on renal sympathetic reflexes whilst an Ang-converting enzyme inhibitor, enalaprilat, slightly enhanced maximal baroreflex sympathetic responses. By contrast, in a similar conscious rabbit preparation, we found that the specific AT 1 receptor antagonist losartan increased resting RSNA and the upper plateau of the RSNA baroreflex, while blood pressure remained unaltered ( Figure 4) (17) . These results were somewhat surprising given that the receptor antagonist produced effects qualitatively similar to those of Ang itself and suggested that losartan is blocking a tonically active sympathoinhibitory action of endogenous Ang (compare Figures 3 and  4) . However, the effects of trigeminal stimulation were not affected by losartan, suggesting that Ang normally modulates specific inputs to the presympathetic neurons, possibly by a presynaptic action. The action of losartan was most likely a specific effect since in a later study we observed similar changes with the Ang-converting enzyme inhibitor, enalapril (32), indicating a primary inhibitory role of hindbrain AT 1 receptors in conscious normotensive rabbits. Whilst at this stage we do not know the site of action of the sympathoinhibitory Ang pathways, possibilities include the CVLM and the NTS (see below). In all the above studies in intact rabbits, acute administration of various Ang II receptor antagonists neither changed resting blood pressure or heart rate, nor affected cardiac baroreflexes (17, 25, 32) . However, rabbits with pacing-induced heart failure have inhibition of cardiac baroreflex function which can be restored by the AT 1 receptor antagonist L-158,509 (33) . By contrast, the cardiac baroreflex sensitivity in non-paced rabbits was not altered by AT 1 receptor blockade. Thus, the participation of central Ang II in inhibiting cardiac baroreflexes does not appear to occur in the normal animal but requires a long-term perturbation of the cardiovascular system such as heart failure.
We recently examined the effect of chronic inhibition of central Ang II receptors on cardiac baroreflex function in conscious normotensive rabbits. Animals received a 4V infusion by osmotic minipump of losartan for 2 weeks. Losartan (30 µg/h) increased baroreflex gain by +24% and +58% after 1 and 2 weeks, respectively (Figure 4 ), but did not change resting blood pressure or heart rate (31). Similarly, chronic but not acute administration of the AT 1 receptor antagonist EXP 3174 has been shown to normalize cardiac baroreflex function in SHR (34) . These data indicate that there is a long-term modulation of cardiac baroreflexes by endogenous Ang II which is independent of the blood pressure level. The reason for such a long time course is not clear since activation of neuronal AT 1 receptors by Ang II occurs relatively rapidly, being due to a reduction in K + current via protein kinase C and raised intracellular Ca 2+ and stimulation of Ca 2+ current. Possibly there is long-term regulation of the receptor or altered expression of AT 1 receptors. Another possibility may involve an interaction with nitric oxide. Zucker and colleagues (35) have elegantly shown an important interaction between nitric oxide and Ang in the modulation of baroreflexes in heart failure. They suggest that the acute inhibitory effect of Ang on the baroreflex gain is opposed by the facilitatory effect of nitric oxide, but chronically, as is the case with heart failure, a reduction in nitric oxide synthase amplifies the effects of Ang II.
Brainstem sites of action of fourth ventricle Ang II
Intraventricular administration has been a useful tool particularly in conscious animals to help unravel the role of the Ang peptides within the central nervous system but is limited by agents given in this way influencing large brain regions rather than specific nuclei. In order to determine the distribution of neurons within the medulla activated by infusion of Ang II into the 4V of conscious rabbits, we used the expression of Fos, the protein product of the immediate early gene c-fos, as a marker of neuronal activation in baroreceptor intact and barodenervated animals (36) . Ang II induced a marked increase in the number of Fospositive neurons in the NTS and in the rostral, intermediate, and caudal parts of the ventrolateral medulla with 30-75% of cells being double-labeled for Fos-and tyrosine hydroxylase immunoreactivity (36) ( Figure  5 ). We found that the distribution of Fospositive neurons closely correlated with the location of Ang II receptor-binding sites as previously determined in the rabbit.
Actions of Ang II in the rostral ventrolateral medulla on baroreflexes
Of the regions that we examined using the Fos technique, it is clear that perhaps the most important is the RVLM where Ang peptides are likely to have their major sympathoexcitatory action (7) . The RVLM is a major source of excitatory drive to the preganglionic sympathetic neurons in the spinal cord and contains high Ang II receptor binding in the rabbit (4) and other species including the cat and dog (37) . The existence of Ang II immunoreactive fibers in the ventrolateral medulla and extended neural processes of the RVLM neurons close to the ventral surface (38) suggest that Ang II may have ready access to the RVLM neurons both from neural pathways and from cerebrospinal fluid. Allen and co-workers (39) demonstrated that direct microinjection of Ang II into the subretrofacial pressor region in the RVLM of the cat resulted in a pressor response. Andreatta and colleagues (40) suggested that the RVLM may contain a reninangiotensin system since Ang I applied to the ventral surface of the brainstem of the cat produced an increase in blood pressure after conversion to Ang II. Sasaki and Dampney (41) found that the sites which produced the greatest increase in blood pressure in the RVLM were also the sites containing the highest concentration of Ang receptors. We initially mapped various dorsal and ventral sites with microinjections of Ang II and found that marked pressor responses were observed only when Ang II was administered into a discrete region of the RVLM corresponding to the subretrofacial nucleus. We found that injections as close as 1 mm from this region gave very much smaller pressor responses, suggesting that the Ang II-sensitive site is relatively small. Doseresponse curves to Ang II in this region indicated that very low doses were required, with the half maximal dose being approximately 9 fmol. This was approximately 100-fold less than that required by the 4V route and consistent with the earlier findings of Sasaki and Dampney (41) and others using cats (39, 40) .
We also observed that local microinfusion of Ang II into the RVLM produced facilita- tion of the renal sympathetic baroreflex (Figure 5 ) which was closely similar to that produced by 4V administration (Figure 2 ) (26) . We found that glutamate infusions into the same region of the RVLM had effects similar to those of Ang, increasing blood pressure, resting RSNA and the upper sympathetic baroreflex plateau without affecting the lower plateau ( Figure 6 ) (26). The similarity of Ang actions to those of glutamate suggests that it may directly excite sympathetic vasomotor cells in this region. Indeed, electrophysiological studies have shown that Ang appears to directly excite bulbospinal C1 neurons (42) by activating postsynaptic AT 1 receptors, resulting in a depolarization involving the closing of K + channels (43) . Microinjection techniques into the RVLM have been widely used to limit drug action to small brain regions, but until recently, have been confined in most cases to anesthetized preparations since this area is close to the flexion point of the cervical spinal cord and is subject to movement in the conscious animal. However, the role of Ang peptides in the ventrolateral medulla may be very much influenced by the anesthetized animal preparations. Indeed, a high degree of surgical stress is typically associated with microinjection into the RVLM in the acute anesthetized preparation, and hormonal systems such as the renin-angiotensin system have been reported to become activated during anesthesia and surgery (44) . Due to their quiet nature, we have found that rabbits are suitable animals for microinjection into the RVLM while conscious and sitting in a standard rabbit box otherwise unrestrained. We therefore developed a new cannula system which permitted us to make repeated bilateral microinjections into the RVLM of conscious rabbits (27) . We used this new technique to examine the role of Ang II in the RVLM while measuring RSNA at rest and during baroreflex responses. Bilateral microinjection of Ang II (10 and 20 pmol) into histologically verified pressor regions of the RVLM did not change blood pressure or RSNA. We did observe that a higher Ang II dose of 30 pmol gradually increased blood pressure by 8 mmHg, without affecting RSNA. The time course of the increase in MAP was slow, with MAP starting to increase within 0.5 to 1 min and reaching a peak within 4 min of completion of the injection. Bilateral microinfusion of Ang II (4 pmol/min for 20 min) did not affect resting MAP or RSNA (27) . During the infusion of Ang II baroreflexes were examined but no effects were observed (Figure 6 ). At the same site glutamate produced increases in blood pressure and renal sympathetic activity and augmentation of the RSNA baroreflex in a similar fashion to what was seen in the anesthetized animal ( Figure 6 , compare right and left panels). By contrast, infusion of the same dose of Ang II into the 4V cerebrospinal fluid increased blood pressure and RSNA by 22 and 34%, respectively (Figure 2 ), suggesting that sites other than the RVLM may be mediating these responses. 
Cardiovascular effects of blocking endogenous Ang II in the rostral ventrolateral medulla
Administration of 10 pmol of the antagonist Sarile bilaterally into the subretrofacial region of anesthetized rabbits blocked the pressor response to locally applied Ang II and reduced the pressor responses to 4V Ang II by two thirds (Figure 7 ). This is perhaps the strongest evidence to suggest that the RVLM is the major site of action for Ang II given into the cerebrospinal fluid surrounding the brainstem but the remaining response suggests that other sites make a small contribution.
There has been very much interest in whether there is a contribution to maintaining sympathetic tone by Ang II endogenously released in the RVLM. Andreatta and coworkers (40) provided the first evidence of tonically active Ang II in the RVLM of the anesthetized cat by showing that with the same topical application approach [Sar 1 ,Thr 8 ]-Ang II (13 nmol) decreased blood pressure by 8 mmHg. However, we did not observe any change in blood pressure or RSNA by giving an effective dose of Sarile (10 pmol) to urethane-anesthetized rabbits. This contrasts the findings of other groups that found a marked reduction in blood pressure with this agent or with [Sar 1 ,Thr 8 ]-Ang II (41, 45) . A recent study suggests, however, that this effect is not related to the blockade of Ang II receptors (46) . Presumably this was an effect observed only at much higher doses used in these studies (100-1000 pmol) since we observed no effect on basal blood pressure using 10 pmol, but still had a complete blockade of the pressor response when Ang II was administered into the RVLM. Since we did not observe any attenuation of the glutamate response, the blockage by Sarile was likely to be specific.
We found that bilateral infusion of Sarile (10 pmol + 1 pmol/min) into the RVLM did not alter the RSNA baroreflex in urethaneanesthetized rabbits, indicating that there is little influence of endogenous Ang II on the sympathetic baroreflex. Subsequent infusion of Ang II into the 4V (10 pmol/min) had no further effect in the animals pretreated with Sarile ( Figure 7) . We also determined the effects of blocking Ang receptors in a conscious rabbit preparation (27) . Pretreatment with Sarile into the RVLM (100-500 pmol) did not change resting blood pressure, RSNA or renal sympathetic baroreflex parameters. The lack of an effect inhibiting Ang II receptors in the RVLM was unlikely to be due to leakage of the antagonist into the depressor region of the CVLM, since its bilateral microinjections into the intermediate ventrolateral medulla at or just rostral to the obex level also did not alter resting or baroreflex parameters.
The lack of effect inhibiting Ang II receptors in the RVLM is consistent with our previous findings in anesthetized animals but the lack of effect of Ang II itself is somewhat surprising. One possibility is that the action of Ang II may depend very much on the state of excitatory inputs to the region. Fontes and colleagues (47) had also developed a method for administration of agents into the RVLM but in conscious rats. They showed that Ang II and Ang 1-7 increased blood pressure while the peptide antagonist Sarile produced a small decrease in blood pressure. They observed an increase in blood pressure with two different AT 1 receptor antagonists which may be related to our observations that losartan produced an increase in sympathetic activity when given 4V to conscious rabbits (17) . One possibility is that the relatively large volume of 200 nl enabled the drug to block the sympathoinhibitory action of Ang in the CVLM. The other possibility is that the effect of Ang II depends on the synaptic inputs to the premotor cells. Electrophysiological studies have shown that Ang II increases input resistance of the vasomotor cell body which should have the effect of potentiating both excitatory and inhibitory synaptic inputs (43) . In support of this concept, Fontes and colleagues (47) , who showed that the AT 1 receptor antagonist CV-11974 produced an increase in blood pressure in normotensive rats (blocking a predominant depressor role of Ang peptides), also found that this drug produced a depressor response in the hypertensive transgenic rat harboring the mouse Ren-2 gene (blocking a predominant pressor response). They suggested that the role of Ang peptides depends on the endogenous activity of the Ang system. In support of this we have recently found that blockade of Ang II receptors in the RVLM attenuated the renal sympathoexcitatory responses to airjet stress.
Ang actions within the caudal ventrolateral medulla
Activation of the CVLM causes sympathoinhibition which is mediated by a short ascending inhibitory projection from the CVLM to the RVLM (48) . Electrophysiological studies show that tonically active sympathoinhibitory neurons in the CVLM tonically inhibit the firing of sympathoexcitatory barosensitive neurons in the RVLM of the rabbit (49) . While the CVLM of the rabbit contains Ang II receptors (4), there have been relatively few studies investigating the role of Ang receptors in this region. Microinjection of Ang II into the region of the A1 noradrenergic cells within the CVLM of the rabbit results in a depressor response (50) . The most extensive study was performed by Saigusa and colleagues (51) who found that Ang II infusion into the CVLM of anesthetized rabbits decreased sympathetic activity and inhibited RSNA baroreflex while blockade of CVLM Ang receptors increased the sympathetic baroreflex but did not alter resting blood pressure or RSNA.
Ang actions within the nucleus tractus solitarius
Within the medulla, the NTS has been the most extensively studied with respect to a likely site of action of Ang peptides. The NTS is the nucleus containing the primary termination of baroreceptor and chemoreceptor afferents (52) but, more importantly, in most species including humans, cats, rabbits and rats, the NTS contains the highest concentration of Ang receptors within the medulla (4, 53) . Thus, it is not surprising that this nucleus has been suggested as a main region for Ang influencing baroreceptor afferent information (8, 54) as well as the integration of chemoreceptor afferents (54) . In anesthetized rats, microinjection of Ang into the NTS produces pressor responses at nmol doses (55) and depressor responses at pmol doses (56) , and attenuates the baroreceptor reflex (57,58) through AT 1 receptors. Our own studies in anesthetized rabbits are consistent with these findings since we observed mainly depressor responses to 1 pmol Ang II injected into the dorsomedial region. This decrease may involve an increase in GABA release and possibly nitric oxide release (54) . Conversely, blockade of the Ang II receptors increases blood pressure or has no effect (59) but appears to consistently increase the gain of the baroreflex (59, 60) .
Conclusion
In recent years we have made clear progress in the understanding of the importance of Ang peptides and receptors within the brainstem to cardiovascular regulation. There is a growing recognition from a variety of different studies that the effects of activating Ang II receptors in the RVLM, CVLM and NTS appear to be very much dependent on the state of the animal and the activity of specific afferent information. This aspect may be a critically important mechanism for the adaptive ability of the central nervous system to respond with appropriate autonomic response patterns depending on the situation. The development of the microinjecting system for conscious animals opens the way to a more complete investigation of the neurotransmitter mechanisms within the RVLM without the constraints of anesthesia and will permit an investigation into the role of Ang peptides in mediating the circulatory responses to emotional and behavioral stimuli. For the most part, in conscious normal animals there is relatively little tonic sympathoexcitatory influence at the level of the RVLM as shown by the observations that blockade of AT 1 receptor antagonists does not change blood pressure by very much and in some cases increases it. The latter finding indicates that in conscious animals the sympathoinhibitory influence of Ang is more evident and is less active in anesthetized preparations. This sympathoinhibition appears to be mainly mediated by an interaction with baroreceptor inhibitory inputs to the vasomotor neurons since the sympathoinhibitory actions of Ang II are of greatest influence during hypotension. Studies in rats and rabbits suggest that the excitatory action of Ang II is normally under profound baroreceptor inhibition since the sensitivity to Ang is markedly increased in barodenervated animals and the sympathoexcitatory effect of Ang is most evident when baroreceptor input is reduced. On the other hand, baroreflexes themselves can be modulated by Ang peptides over several weeks of drug administration. The precise mechanism of this longterm action remains to be elucidated. There is now much evidence to show that in situations where there are increased excitatory and decreased inhibitory inputs to the RVLM brainstem, such as barodenervation, acute stress, hypertension or heart failure, the sympathoexcitatory Ang system within the brainstem clearly becomes very important.
